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Dr C. Fraser (Houston, Tex). Dr Licht and colleagues from
Children’s Hospital of Philadelphia have conducted an outstanding
investigation, adding another puzzle piece to understanding the
complex interplay between normal brain development and serious
congenital heart disease. Term babies with TGA and HLHS have
smaller head circumferences and immature brains when compared
with their age-matched peers with normal hearts. The maturation
scores appear comparable to those of babies with normal hearts
at 35 weeks’ gestation. Babies with HLHS and TGA have brains
that onMRI appear similar to late preterm babies who are otherwise
normal. This finding is significant.
Late preterm babies have rapidly maturing brains with white
matter predominated by premyelinizing oligodendrocytes. These
cells are known to be particularly susceptible to ischemia-reperfu-
sion injury. This must at least, in part, explain the observation of
a high incidence of PVL in the study group. These patients’ brains
may be more susceptible to injury. In preterm and near preterm
baby neurologic research, there is a working hypothesis that there
is a hierarchy of vulnerability of the maturing brain related to the
level of immaturity of the cerebral white matter. The present study
suggests that this hierarchy has shifted in the wrong direction by the
association of critical congenital heart disease.
To me, one of the most disturbing issues is that despite signifi-
cant effort by many investigators to modulate the potentially dele-
terious effects of intraoperative care, particularly limiting the use of
hypothermic circulatory arrest, modulating hematocrit level, pH
strategy, and even in the use of selective cerebral perfusion, there
are to date no conclusive data that the neurodevelopmental pros-
pects for babies with serious congenital heart disease have im-
proved. There is clearly much work to be done, and I thank Dr
Licht and coinvestigators for pushing the field forward.
First, a mechanistic question. The study patients were compared
with age-matched controls from historically published data last up-
dated in 2001. Presumably, these control subjects were studied with
different MRI methodologies at a different institution. Can we be
confident that we are comparing apples to apples given the signif-
icant advances that have occurred in MRI technology over the last
decade?
DrLicht.Around this same time period in 2001,TerryEnderwas
dedicating a lot of her time to structural imaging of prenatal and early
preterm babies, and Dr Childs was also doing her work in Leeds in536 The Journal of Thoracic and Cardiovascular SuEngland. The differences between a 1.5 tesla magnet and a 3 tesla
magnet are many, and there are some advantages to 3 tesla and
some disadvantages. I think that, for the most part, the TMS looks
at structural regions, and so the weighting of the score is weighted
for the appearance of the brain and not necessarily something that
would be affected by MRI. With 3 tesla we improve the speed of
imaging and the contrast to noise, but wemay not improve the tissue
contrast. There are some advantages at 1.5 T, especially in the neo-
natal brain, where there is increased water content of the brain, the
contrast is improved with volume averaging. Thus, the 3-mm slices
may be actually better or easier to visualize than 1-mm slices.
Overall, I think there are differences in the technique, but I am
fairly confident of the results. We would love to be able to recruit
our own normal population; however, we are a dedicated children’s
hospital, and if there is one disadvantage, it is that there are no nor-
mal deliveries at our hospital.
Dr Fraser. The second question you have already partially an-
swered, but again, given what you know about these patients
now and their vulnerability, let’s talk about a hypothetical patient
with a prenatally diagnosed transposition. Would you recommend
to the attending obstetrician that the child be carried to 40 weeks’
gestation or even post-term before elective induction or Cesarean
section, rather than 38 weeks, as is often the case?
Dr Licht. I think with the data we have I would make the recom-
mendation to go to as close to term as possible. I think there are
some considerations, especially for pregnancies that were diag-
nosed in remote areas and then referred to a tertiary care hospital.
To have a family displaced from their home waiting for a natural
labor to be near the hospital, there may be financial and emotional
hardships being separated. I also don’t think that natural labor at 38
weeks should be tocolyzed to then deliver at 40 weeks. I think it is
important to let pregnancies advance with natural labor.
Dr Fraser. Given what you documented in this study and the
significant previous contributions on neonatal brain injury from
your institution and others, is it justifiable to suggest that the ideal
practice for newborns with complex congenital heart disease re-
quiring surgery should include preoperative neurologic imaging,
perioperative neurologic monitoring, and long-term neurodevelop-
mental assessment?
Dr Licht. I am not sure at this time that I would recommend pre-
operativeMRI as a clinically indicated study. Themajor reasons are
that it is very expensive, technically challenging, and involves
some risk to the infant; transporting these sick infants out of the car-
diac intensive care unit does involve some risk. In the 104 infants
who I have imaged preoperatively, 3 infants have had direct benefit
from the preoperative imaging, 2 of whom had absent common ca-
rotid arteries but continued on to surgery after I informed the sur-
geon of this anatomic difference. The third patient had an
intraparenchymal hemorrhage with layering of blood products
that looked very acute, and in this patient we delayed surgery 1
week and then reimaged to make sure that the hematoma had solid-
ified. Therefore, the chance of clinical preoperative imaging di-
rectly affecting the outcome is unlikely. However, I believe that
preoperative imaging does need to be performed for all neuropro-
tective studies to get a better sense of the substrate before surgery.
In terms of perioperative monitoring, I think these have a great
deal of value, but I don’t think they have been studied in the manner
that they need to be. They need to be used in a blinded fashion suchrgery c March 2009
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Dthat no clinical decisions are being made on the results of the mea-
surements in such away that we can better understandwhat themea-
surements mean. Near infrared spectroscopy does give you the
oxygen saturations but doesn’t tell you about themetabolic demand.
You canmake inferences of cerebral blood flow, but I thinkwe need
to know what the measurements mean in a more informed way.
Finally, you asked about neurodevelopment. Long-termneurode-
velopment is actually a critical part of all future research. I showedThe Journal of Thoracic anda slide with the Bayley Scales of Infant Development and how these
haven’t changed much over the course of 20 years, but the Bayley
Scales of InfantDevelopment are not a robust test for long-term cog-
nitive outcome, and we really need to be testing the kids at 4 to 5
years to get a better sense of school readiness and to make plans
for individualized education programs. I think there should also be
multidisciplinary clinics to include endocrinology and psychology,
as well as neurology, for the long-term follow-up of these children.Cardiovascular Surgery c Volume 137, Number 3 537
